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HYDRODYNAMIC INVESTIGATION

OF A MODEL OF A SUPERSONIC MULTIJET WATER-BASED

AIRCRAFT WITH ENGINES EXHAUSTING

FROM THE STEP

By Ulysse J. Blanchard

SUMMARY

The hydrodynamic characteristics of a multijet water-based aircraft

capable of supersonic speeds and with jet engines exhausting through the

step have been investigated. A 1/15-scale dynamic model, powered with

hydrogen-peroxide jet motors was used for the investigation. The step

engine exhausts considerably increased afterbody wetting and smooth-

water resistance but had no significant effect upon longitudinal sta-

bility. Excess thrust was sufficient for the seaplane (full-scale) to

take off in approximately 40 seconds and 4,700 feet. Longitudinal sta-

bility during smooth-water take-off and landing was satisfactory. During

take-off, flap deflection should be delayed to speeds near take-off in

order to avoid heavy flap wetting and associated high resistance. Landing

characteristics were satisfactory for landing-contact trims at or above

the sternpost angle. Spray characteristics in smooth water were good

and engine inlets were clear of spray during taxiing and landing in

waves up to 5 feet high. A jet-noise attenuation of 15 to 40 decibels

resulted with static immersion of the step engine exhausts.

INTRODUCTION

The present investigation is part of a general research program to

evaluate the hydrodynamic characteristics of water-based bomber configu-

rations capable of flight at transonic and supersonic speeds. Previous

investigations included tests of a wing-root-inlet configuration (ref. 1),

a nose-inlet configuration (refs. 1 and 2), and a deck-inlet configuration

(ref. 3). These configurations, which differed principally in the engine

and inlet arrangements, conformed to area-rule requirements.
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Along with this series of configurations, a planing-tail-hull
design with the engines located in the root of a gull wing and the
bombbay located aft of the main step was proposed by the Bureau of
Aeronautics. Results of hydrodynamic tests were reported in reference 4.
In view of the good hydrodynamic characteristics of this planing-tail
hull, further possibilities for attaining and improving the high-speed
capabilities of the bomber series with such a configuration becameof
interest.

An appreciable reduction in frontal area was obtained by locating
two of the four engines in the flotation part of the forebody. This low
engine position was accomplished by placing the engine exhausts in the
step below the afterbody. Results reported in references _ and 6 indi-
cated that by exhausting Jet engines through the step, favorable aero-
dynamic lift and drag effects could be expected. A reduction in base
drag of the deep step and an increase in the lift on the afterbody at
supersonic flight speedswas expected from the presence of the engine
exhausts in the step. In addition, the effect of jets exhausting under
the afterbody on hydrodynamic characteristics was of general interest.
An area distribution for a Machnumberof 1.4 (ref. 3) was used and the
volume and gross weight corresponded to a full-scale gross load of
_DO,000pounds.

A hydrodynamic investigation was madein Langley tank no. 1 to
determine the smooth-water resistance, spray characteristics, and take-
off and landing stability of this configuration. A brief check of the
rough-water spray during taxiing and landing in waves was made. Tests
were conducted with and without power in order to determine the effect
of the underwater jet exhausts upon important hydrodynamic character-
istics. A brief evaluation of Jet-noise attenuation whenthe Jet exits
were under water was made.

SYMBOLS

b

CL

C m

CA o

hull beam, ft

mean aerodynamic chord, ft

aerodynamic lift coefficient,
L

1 pV2S
2

aerodynamic pitching-moment coefficient,

gross-load

M
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C
k= n°

2

total aerodynamic lift, lb

afterbody length, ft

forebody length, ft

wing area, sq ft

load water line, static water line at design gross weight

carriage speed, ft/sec

specific weight of water, 63.4 ib/cu ft for these tests

elevator deflection referred to stabilizer chord, positive

when trailing edge is down, deg

flap deflection, positive when trailing edge is down, deg

stabilizer incidence referred to hull baseline, positive

when trailing edge is down, deg

gross load, ib

K

L

la

_f

S

L .W.L.

V

5e

_O

Subscript:

m_x maximum

3

DESCRIPTION OF CONFIGURATION

A schematic drawing of the arrangement of the configuration is pre-

sented in figure 1. Pertinent dimensions and particulars are presented

in table I. The hull lines of the configuration are presented in

figure 2.
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General Considerations

The gross load of 200,000 pounds, wing area of 2,000 square feet,
and bomb load of 30,000 pounds were assumed. The bombbay was located
aft of the step at the airplane center of gravity in a similar arrange-
ment to that of the planing-tail-hull-type configuration of reference 4.
The wing was so located that 0.25_ (normal c.g. location) was 1.3 beams
behind the step. Four J-75 engines with afterburners were assumedto
provide a maximumsea-level thrust of 94,000 pounds.

Engine location.- Two engines were located in the hull with a single

nose inlet and step exits, and two engines were mounted in a nacelle on

the vertical tail (fig. i). This arrangement minimized accumulative

cross-sectional area due to overlapping engine installations. The for-

ward engines and their exits were angled down 5 ° and out 1.25 ° from the

center line of the basic configuration.

The location of the rear engines on the vertical tail provided ade-

quate spray clearance for the inlets and reduced the possibility of

inlet flow interference from the hull and wing. A wedge-nose type of

inlet was used for the basic nacelle design, as described in reference 7.

The engines and nacelle were mounted parallel to the center line with

engine exhausts behind the vertical tail.

Wi__.- Dimensions of the wing are presented in table I. Wing-tip

floats were not used due to their drag contribution at supersonic speeds

(ref. I). The assumption was made that auxiliary devices such as retract-

able skis and inflatable air cells would be used for dynamic and static

transverse stability.

Planing bottom.- A high-length-beam-ratio planing-tail hull with

planing surfaces similar in layout and plan form to those of the config-

uration of reference 4 was used. The forebody beam and dead rise were

governed by the installation of the engines in the lower portion of the

hull. The long, full-width plan form of the afterbody chines (fig. 2)

was provided to insure spray control in the region of the aft engine

inlets. The entire planing bottom had sharp chines, with dead rise and

horizontal chine flare on the forebody and simple dead rise on the after-

body. The forebody in the region of the step and engine exits was fil-

leted as much as possible to reduce blunt base areas. The length of the

hull was determined by aerodynamic considerations of fineness ratio which

were compatible with a high-length-beam-ratio hull.

Tail group.- A high-horizontal-tail position was used to provide

spray clearance. Dimensions of the tail group are presented in table I.
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Cros s-Sectional-Area Distribut ion

The curve of the net total cross-sectional area for a Mach number

of 1.4 and the contributions of the various components are presented

in figure 3. The area distributions were developed as described in

references 3 and 8 for moderate supersonic speeds. From hot-jet test

results obtained in the Langley 8-foot transonic tunnel, the hot Jets

were estimated to expand from 8.9 square feet per engine at the exit to

an effective or displacement area of 12.9 square feet aft of the exit.

Since drag is sensitive to the change in area and this change occurs at

the critical middle section of the area distribution, 4.0 square feet

per engine was assumed to be the contribution to the total cross-sectional

area made by the hot Jet (fig. 3). This jet displacement effect was

assumed to extend aft from the exits but with diminishing influence,

becoming zero approximately 40 feet (full-scale) from the exits.

The large reduction in hull cross-sectional area aft of the deep

step minimized the additive effect of hull and wing cross sections. The

longitudinal spacing of the engines and wing and the housing of the for-

ward engines in the flotation portion of the forebody resulted in essen-

tially minimum frontal area. With an equivalent free-stream tube area

of 8Opercent of the inlet area subtracted for the mass flow through the

ducts, a maximum net cross-sectional area (including jet effect) of

126.5 square feet was obtained. The fineness ratio of the equivalent

body of revolution was 12.8.

Tank Model

Photographs of the 1/15-scale powered dynamic model, Langley tank

model 333, are presented in figure 4. The hull was constructed of fiber

glass and heat-resistant plastic in order to permit the use of a hydrogen-

peroxide Jet-power system. The wing and tail surfaces were of conven-

tional wooden construction covered with silk and coated with peroxide-

compatible paint. All metal accessories were made of aluminum or

stainless steel, which are compatible with concentrated hydrogen peroxide.

The pitching moment of inertia of the complete model was 5.34 slug-feet 2.

Leading-edge, 0.15-chord slats were used to prevent the premature

wing stall usually encountered at the low Reynolds numbers of tank tests.

Full-span, 0.30-chord, single-slotted flaps were used on the wing with

fixed angles of deflection of 0 ° and 40 o. The stabilizer deflection

could be varied from 5° to -15 ° and the elevator deflection, from 30 °

to -20 ° .

Electric contacts were located on the hull keel at the bow, step,

and sternpost. The contacts indicated when these portions of the hull
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were in contact with the water and also were used to release a trim

brake during landing tests.

Scale thrust of 7 pounds for each of the two forward engines was

simulated by hydrogen-peroxide motors mounted in the step. Plastic

ducts housed the motor and shroud assembly (see fig. 5). The open inlet

and ducts supplied cooling air and the stainless-steel shrouds acted as

heat suppressors around the motors. 0nly a negligible change in thrust

with speed was noted in the speed range of the tests.

The hydrogen-peroxide motor had an orifice head, a decomposition

chamber_ and a supersonic convergent-divergent nozzle on the aft end

of the chamber. The orifice diameter at the head of the chamber was

0.052 inch. A catalyst bed, approximately 2.5 inches long, was made

of alternate silver and stainless-steel screen discs packed into the

0.600-inch-diameter decomposition chamber. The nozzle-throat diameter

was 0.210 inch and the nozzle-exit diameter, 0.345 inch. Design throat

pressure was approximately 210 pounds per square inch and maximum thrust

capacity of the motor was approximately 10.5 pounds.

The fuel was concentrated hydrogen peroxide which decomposed upon

contact with the silver-screen catalyst bed of the motor and produced a

high-velocity jet exhaust. Fuel was introduced through a 3/16-inch

(inside diameter) flexible dacron-covered vinyl plastic tube from a

supply reservoir and control console mounted on the towing carriage.

Jet-exit modifications which altered the direction of the jet-

exhaust stream from the step are shown in figure 6. These steel tubes,

approximately 4 inches long (model size), were installed at various

angles. On model 333A, the deflector tubes were tilted up i0 °, model

333B out i0 °, and model 333C out 50 ° with respect to the basic engine

alinement.

APPARATUS AND PROCEDURES

The investigation was made in Langley tank no. i, which is described

in reference 9. The apparatus and procedures used are described in ref-

erence i0 and are similar to those used for the investigation described

in reference 4.

The aerodynamic lift and pitching-moment characteristics shown in

figure 7 were determined for the normal center-of-gravity location

(O.25_). The height of the model above the water was adjusted for each

trim so that the lowest point on the model was just clear of the water.

Aerodynamic tests were made with and without power simulated for the

forward engines only. The p data were corrected for the

computed moment associated the rear engines.

F
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All hydrodynamic tests were made with the center of gravity located

at 0.256 and a gross load corresponding to 200,000 pounds, full-scale,

except rough-water landings, which were made at a gross load of

160,000 pounds. All tests were made with and without power except

landings and rough-water taxi runs, which were made power off only.

During powered tests, thrust for the forward engines only was simulated

and the pitching moment associated with the thrust of the rear engines

was applied by means of a weight moment. For smooth-water tests, the

model was pivoted at the center of gravity and had freedom in only trim

and rise. For rough-water tests, the model also had fore and aft free-

dom. Trim was the angle between the forebody keel at the step and the

undisturbed water surface.

The trim and resistance, including air drag, power off and power

on, of the complete model were determined for a range of constant speeds
with the model free to trim. In order to obtain power-on resistance,

scale thrust of the engines was set before each run and added to the

gross resistance measured during the run. The thrust of the engines

was set with the model at rest and clear of the water at zero trim.

The constant-speed data were obtained for a flap deflection of 0° and

speeds up to approximately 150 knots (full-scale), and for a flap deflec-

tion of 40 ° and speeds from approximately 70 knots to take-off. Resist-

ance with the wing removed was determined at fixed trims, speeds, and

approximate loads corresponding to those obtained for the complete model.

Simulated take-off runs were made at an acceleration of 4 ft/sec 2,

which approximated that acceleration which would result from the avail-

able excess thrust. Take-off runs were made in two parts, with a flap

deflection of 0° to a speed of approximately 140 knots, and with a flap

deflection of 40 ° from 70 knots to take-off. Take-offs were made for

a range of fixed stabilizer-elevator settings.

Landings were made with 40 ° flap deflection for a range of landing-

contact trims. With the model flying at the desired landing trim, the

carriage was decelerated at various uniform rates, allowing the model to

glide onto the water. The model was held at the desired landing trim by

the trim brake until contact with the water surface.

Spray characteristics in smooth water and in waves were determined

from visual observations, photographs, and motion pictures. Smooth-

water spray was studied during free-to-trim resistance and landing tests.

Spray characteristics in waves were determined during landings and accel-

erated taxi runs (2 ft/sec2). Since the model was not powered during

taxi runs, fore-and-aft freedom was maintained by approximating the hori-

zontal thrust component with a long-rubber-band arrangement described in

reference ll.
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Jet-noise attenuation tests were conducted statically and out of

doors in order to eliminate carriage noises and sound reflections which

might occur during operation in the tank. The model was lowered into

the water from a height of 2 feet above the water and sound was recorded

on a sound track from 5 positions equidistant from the model and ranging

from front to rear. The sound intensities were then measured from the

sound track with a sound-level meter and the change in intensity due to

jet immersion was determined.

RESULTS AND DISCUSSION

Spray Characteristics

Smooth water.- Typical bow and stern photographs of the smooth-

water spray with and without power are shown in figure 8 for the com-

plete model. The forward inlet was well clear of spray at all times.

No spray entered the rear inlets although light spray struck the aft

lower surface of the rear nacelle at speeds from 60 to 95 knots. At

low speeds fine spray from the forebody wake wetted the upper surface

of the wing and heavy spray impinged upon the lower surface. The flaps

became clear of heavy spray at a speed of approximately i15 knots. The

horizontal tail was clear of spray at all speeds. In general, the sig-

nificant change in spray with the application of power was the deflec-

tion of the forebody wake onto the afterbody sides (see fig. 8(b)) and

the extensive atomizing and acceleration of the spray by the jet exhaust.

Rough water.- A brief rough-water spray investigation indicated

that during landings the inlets and horizontal tail were clear of spray

in waves up to 5 feet in height and 270 feet in length. In waves

7.5 feet high and 270 feet long the bow dug into the wave at low speeds
and solid water entered the forward inlets.

During slow accelerated taxiing runs in waves 270 feet long the

inlets were clear of spray until the 7.5-foot-wave height was reached,

when solid water entered the forward inlet at low speeds and light spray

entered the rear inlets at high speed. In a long wave (450 feet), the

inlets were clear at the 7.5-foot-wave height; however, light spray

struck the horizontal tail. Wing and flap wetting increased generally

with increase in wave height.

Resistance and Stability, Constant Speed

Power off.- The total resistance and corresponding trims for 0° and

40 ° flap deflections, without power, are presented in figure 9. Without
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power and with 0° flap deflection (fig. 9(a)), the resistance increased

with speed to approximately 62 knots, at which speed a minimum gross-

loadmtotal-resistance ratio of 3.4 was obtained. With further increase

in speed, the resistance decreased as the afterbody and wing wetting

decreased. At a speed of approximately Ii0 knots the resistance again

increased and a yawing instability developed. The data indicate a dis-

continuity in the trim curve at this point. At this speed the forebody

wake was observed to have moved inboard and an unsymmetrical and inter-

mittent flow began attaching to the afterbody sides and bottom. A typ-

ical condition during yawing instability is shown in figure 8(b)

(V = 126.8 knots).

In this same speed region of approximately ii0 knots (fig. 9(a)),

longitudinal instability was encountered at the high stabilizer-elevator

deflection (Ss = -i0°; 5e = -20o) • This instability was characterized

by a constant-amplitude rocking motion between the two planing surfaces,

rather than the divergent type generally associated with upper-limit

porpoising. The amplitude of oscillation increased with increase in

trim. At very high speeds (near 150 knots) the resistance and trim

decreased rapidly and the model became stable. At these high speeds

and low trims the afterbody was clear of spray or attaching flow.

At speeds below 115 knots, deflection of the flaps to 40 ° (fig. 9(b)),

increased resistance considerably from that for no flap deflection

(fig. 9(a)) due to heavy flap wetting. At speeds above 115 knots, the

flap became clear of heavy spray and the total resistance for both flap

deflections (0° and 40 °) was not very different. Trims, however, were

lower with &O ° flap deflection, and regions of longitudinal instability

similar to that noted for a flap deflection of 0° are indicated. No

significant yawing instability was noted in this case.

Power on.- With power and 0° flap deflection (fig. 10(a)), a mini-

mum gross-load_total-resistance ratio of 2.8 was obtained, as compared

to 3.4 without power. At speeds from approximately 25 to 115 knots,

the power-on resistance was considerably higher than without power. At

speeds near 115 knots, the power-off and power-on resistance were gen-

erally the same. At speeds near getaway_ however, the resistance with

power on tended to be higher than that with power off, principally

because po_er increased the amount and velocity of spray striking the

afterbody.

The yawing instability encountered with 0° flap deflection, power-

off (fig. 9(a)), was reduced considerably with the application of power

(fig. 10(a)). The discontinuity in the trim at high speed for 0° flap

deflection occurred at a lower speed with power, 85 knots, than without

power, 115 knots. Deflection of the horizontal tail had no significant
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effect on trim until the point of trim discontinuity was reached in
either case. The region of longitudinal instability is shownin
figure lO(a) .

With power and a 40° flap deflection (fig. lO(b)), the resistance
was generally higher than that with a flap deflection of 0° throughout
the high-speed range and considerably higher than power-off resistance.
The flaps becameclear of heavy spray at speeds between llO and ll5 knots.

The resistance and trim for a typical powered take-off run are pre-
sented in figure ll. This take-off is based on the assumption that the
flaps would not be fully deflected until a speed of approximately

ll5 knots to avoid heavy wetting from spray. Excess thrust is available

for acceleration throughout the speed range and the computed take-off

time and distance are 40 seconds and 4,700 feet (full-scale).

Wing removed.- The cause of increases in resistance with the appli-

cation of power (jets exhausting through the step) can be best illus-

trated by the photographs in figure 12, taken during resistance tests

with the wing removed. The drastic change of flow in the afterbody

region with power on is obvious. Separation of flow from the chines

and the afterbody clearance relative to the forebody wake are completely

changed when power is applied and the forebody wake is drawn inward and

redirected at increased velocity upon the afterbody bottom and sides.

The area beneath the afterbodybecomes completely filled with a high-

velocity stream of water directed rearward along the afterbody. Further

evidence of this large change in flow can be seen in the spray photo-

graphs shown in figure 8.

Resistance data, power off and power on, measured during tests with

the wing removed are presented in figure 13. For comparison, resistance

of the complete model, power off and power on, is included (dashed lines)

in the figure. With power on, the change in resistance with and without

the wing is less than that obtained with power off. This difference

would be expected on the basis of the stern spray photographs in fig-

ure 8(b), which show that with application of power the wetted-wing area

is drastically reduced by the large change in flow pattern induced by

the jet exhausts. With power, the wetting is almost entirely directed

upon the hull bottom and sides and wetting persisted to very high speeds.

Jet exhaust deflection.- It was believed that by directing the Jet

blasts iu some advantageous direction, within practical limits, after-

body wetting could be reduced with a consequent reduction in power-on

resistance. The resistance data for the three jet deflections shown in

figure 6 are presented in figure 14, along with a dashed-line curve

representing the data obtained with the basic configuration. Deflecting

the jets up 10 ° (model 333A) in an attempt to blow the water off the

j
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afterbody bottom resulted in an increase in total resistance when com-

pared with that of the basic model. This increase in resistance indi-

cated that possibly even more water was being directed upon the after-

body. The increase was practically constant over most of the speed

range. Deflecting the jets outward i0 ° (model 333B) resulted in no

significant change in resistance from that of the basic arrangement.

A larger deflection was considered impractical but since no visible

change in flow pattern had been noted with the two previous attempts,

an outward deflection of 30 ° (model 333C) was investigated as an all-out

attempt to alter the flow. A particularly large increase in resistance

was noted just past hump speed and is attributed to a heavy wetting of

the wing caused by the jet stream, which, for this configuration, was

being directed outward and along the wing span. At intermediate and

high speeds the trend of the resistance curve and its magnitude were

generally the same as that obtained without power. At these speeds,

for this configuration, the afterbody was observed to become clear of

heavy water flow once again. It can be surmised that practical jet

deflections would not improve the resistance over that obtained with

the basic configuration.

Engine startin.g.- From observations and data obtained during the

resistance tests, a possible solution to the problem of starting the

forward engines can be presented. During power-off tests the step

region vented at a speed of approximately 25 knots. Sufficient excess

thrust would be available from operation of the rear engines to accel-

erate to this speed, at which point watertight exit doors could be

opened and the forward engines started.

Take-0ff Stability

The variation of trim with speed during accelerated runs simulating

take-off for flap deflections of 0° and 40 ° is shown in figure 15 with-

out power and in figure 16 with power. Generally, the characteristics

of the trim tracks were similar. Approximate trim limit and take-off

speed curves derived from the trim track records also are shown. No

lower trim limit of stability was encountered when operating at this

design center-of-gravity position and available aerodynamic pitching

moment. At high trims and speeds a trim oscillation similar to that

encountered during constant-speed resistance was noted. Upon entering

this region of instability, the amplitude of the trim oscillation

increased with stabilizer-elevator deflection. The yawing instability

during take-off was of little concern, since the model accelerated

through the region before any significant oscillations occurred.

Study of the trim tracks during powered take-offs with flap deflec-

tions of 0 ° and 40 ° (fig. 16) shows that deflection of the flaps Just

after hump speed (approximately 70 knots would permit trimming below
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the upper limit, and that by maintaining low trim to a speed of approxi-

mately ii0 knots, the pilot could then increase trim and thereby make a

stable take-off. However, the increased resistance due to flap wetting
(see resistance curves) near hump speed would increase the time and dis-

tance for take-off. The best trim track for 0° flap deflection (solid

line) and several trim tracks for 40 ° flap deflection (dashed line) are

shown in figure 17. These results show that with available aerodynamic

trimming moment, a relatively stable (i° trim oscillation) take-off

could be made by delaying full-flap deflection to a speed of approxi-

mately 115 knots. Low trim would be maintained until flaps are deflected,

after which a stable take-off could be made which would be representative

of the typical take-off resistance curve in figure ii.

Landing Stability

Figure 18 presents typical oscillograph records showing trim, rise,

and speed during landings in smooth water. Landings at trims below the

sternpost angle (7.6 °) resulted in a sharp increase in trim subsequent

to the initial contact (fig. 18(a)); also, landings at trims above the

sternpost angle resulted in a sharp decrease in trim subsequent to ini-

tial contact (fig. 18(c)). Although the large trim changes were quickly

damped, small trim oscillations persisted through a large part of the

landing runout as the fore-and-aft planing surfaces sought trim
equilibrium.

The maximum variation in trim and rise as well as the number of

rebounds during landings in smooth water are presented in figure 19.

For trims at initial contact below the sternpost angle, the maximum

amplitude of trim oscillations was approximately 6.5 ° and the model

tended to bounce off the water once. At contact trims above the stern-

post angle, the maximum amplitude of trim oscillation was approximately
4.5 ° and the model remained on the water after contact. The maximum

amplitudes of rise oscillation remained practically constant regardless

of landing trim. Only at the highest landing trim was there a signifi-

cant increase in rise amplitude. The overall landing behavior appeared

acceptable.

Jet Noise

During tank tests, a considerable reduction in jet-noise level was

observed at low taxi speeds and at rest when the step-engine exits were

under water. When measured out of doors, the decrease in sound level

at maximum draft from the sound level with the model clear of the water

varied from 15 decibels at the front to a maximum of 40 decibels at the

rear.

__r __

L
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CONCLUDING REMARKS

13

The hydrodynamic characteristics of a supersonic multi jet water-

based aircraft with jet exits in the step have been investigated. The

jets exhausting through the step generally resulted in considerable

increase in afterbody wetting and hence increased resistance, but had

no significant effect upon longitudinal stability. A minimum gross-

load--resistance ratio of 2.8 was obtained with power. Excess thrust

was sufficient for a take-off in approximately 40 seconds and 4,700 feet.

Longitudinal stability during smooth-water take-off and landing was sat-

isfactory. During take-off_ flap deflection should be delayed to speeds

near take-off because of increased resistance due to flap wetting at

intermediate speeds. During landing, large initial trim changes at con-

tact were quickly damped. Amplitudes of subsequent trim and rise oscil-

lation were relatively small, especially for landing contact trims near

or above sternpost angle. The spray characteristics in smooth water

were good and rough-water operation with spray-free inlets would be

possible in waves up to 5 feet high. A jet-noise attenuation of 15 to
40 decibels resulted with static immersion of the step-engine exhausts.

Langley Aeronautical Laboratory,

National Advisory Committee for Aeronautics,

Langley Field, Va., June 6, 1957.
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TABLE I.- CHAEACTERISTI_ OF CONFIGURATION

General:

Design gross weight, ib ...................................... 200,000

Wing area, sq ft ......................................... 2,000

DesIEnwing lo_din_, ib/sq ft ................................... i00

Engines, J-75 with afterburners .................................. h

Total net sea-level thrust (with afterburners), ib ......................... 9h,000

Design thrust-weight ratio .................................... 0.47

Wing:

Airfoil section:

Root ............................................ _CA 6_A206

90 percent semispan to tip ................................. NACA 6hA203

Span, ft ............................................. 89.5

Aspect ratio ........................................... h.O

Taper ratio ............................................ 0.15

Dihedr_l, deg ........................................... -2.0

Sweepbsck (0.25_), deg ...................................... 49

Root incidence, deg ........................................ i._ 9

Length of _, ft .......................................... 26. 5

Hull station 0 to leading edge Of _3 ft .............................. 76,3
Position of 0.29c above baseline, ft ............................... 15.5

Horizontal tail:

Airfoil section ........................................ NACA 6_A006

Span, f% ............................................. 39.2

Area, sq f% ............................................ 310

Aspect ratio ............................... ............ h.O

Taper ratio .......................................... _ . 0.5

Dihedral, deg ........................................... 0

Sweepback (0.29_) , deg ...................................... _5

Distance between 0.256 of wlngand 0.25_ of tail, ft ....................... 75.2

Height above baseline, ft ..................................... 55.6

Vertical tail:

Airfoil section ........................................ NACA 65-006

Aspect ratio ........................................... 1.13

Sweepback (0.25_), deg ...................................... 47

Hull:

Maximumbe_i at chines, ft .................................... 10.8

M_ximum width, ft ......................................... 12.1

Maxlmu2n heightj ft ........................................ 19.3

Length:

Overall, f% ........................................... 153._ 5

Forebody (chines _t bow to step point), ft ........................... 61.6

Afterbody, ft ........................................... _.4

Step:

Type .............................................. Pointed

Depth at keel, ft ........................................ 5.9

Depth at keel, percent beam ................................... 51

Deadrlse, forebody ........................................ Warped

Deadrlse, afterbody ................................. ....... Ws/-ped

Afterbody keel angle, deg ...................................... 7.86

Sternpost 8/%gle, deg ............................ . ........... 7.6

Center of gravity (0.29_) aft of step, f% ............................. 15.98

Center of @;cavity above baseline, ft ............................... 12.5

Angle to vertical of llne Joining step to center of gravity, deg ................. 48.h

Hull volume (volume of ducts subtracted), cuft .......................... 8,h25

Hull surface area, sq ft ..................................... _,767

Zf

............................... • ............... 5.7

_a

............................................... 7.8
Zf

................................................ 0.73

Zf + _a
-- . ............................................. 13.5

bmax

c_o 2.48
K .................................................. O.Ol_
k ................................................. o.076

Area distribution:

M_xlmu_ net cross-sectlonal area, sq ft .............................. ]26. 5

Equlv_lent-bodymsximu_ndlameter, f% ............................... 12. 7

Length, ft ............................................ 162. 5

Equivalent body f_neness ratio .................................. 12. 5

Maximum net _rea
wln_ _ea ......................................... 0"O63

Position of Rmadmum cross section of equivalent body in terms of body lenEth, percent ....... 46

Total surface area, sqft ..................................... 9s871

15
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(a) Front view.

(b) Three-quarter front view.

(c) Side view.

Figure 4.- The 1/15-scale Langley tank model 333. L-92031



2O NACARML_7Fk:_D

r

0
o

'-" ,,ALC"X
O,.J

C_
I ,-4

4-_

.>-..

,--I
hO

£

(L',

_3

0
4.:,
0

o

I

&
(1)

bO



NACA RM L57F20 21

_h

_H
©

O

v

o
OJ
kO

!

l

_h

rH
O

O
H

_3
4-_

_3

0

4-_

0

.r--I

4._

I

_ H



22



NACA RM L57F20
_3

Speed, 3_.6 knots; trlm, 7.2 =, Speed, 35.3 knots; trlm, 6._ °,

Speed, 57.8 knots; trlm, 9.2 °.
Speed, 58.2 knots; trlm,9.2 °.

trim, _'°°._z Speed, 69.0 knots; trim. I0.0 e.Speed.63.5 knots;

Power off
Power on

(a) Bow view. L-57-1609

Figure 8.- Spray photographs of complete model during power-on and power-

off resistance runs. A o = 200,000 pounds; 8f = 0 o.
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Speed, _0.5 knots: trim, 9.9 °. Speed, 80.7 knots; trim, ]0.0°,

Speed, IO%.U knots; trim, 9.8 °. Speed, i03._ ksots; trim. 7.S °.

Speed, 126.8 knots; trim, 7._.

_,_ P_?ff

Speed, 1_.2 knots; trim, 7.6 °.

Power on

(a) Concluded. _ L-57-1610

Figure 8.- Continued.
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Speed, 3_.6 knots; trim, 7.2 °. Speed, 35-3 knots; trim, 6,_.

o

Speed, 57.8 knots; trim g.2 . _eed, 58.2 knots; trim, 9.2 °.

Speed, 65.5 knots; trim, 9.6 ° .

Power off

0 oSpeed, 69.0 knots; trim, 1 .0 .

Power on

(b) Stern view.

Figure 8.- Continued.

L-57-1611
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Speed SO. 5 knots; trim. 9.9 °. Speed, 80.7 knots; trim, I0.0 °.

Speed, I0_,_ knots; trim, 9._ °.
Speed, I05._ knots; trim, 7.S m "

Speed, 126.8 knots; trim, 7.% °,

Power off

Speed, I_.2 knots; trim, 7.6 °.

Power on

(b) Concluded.

Figure 8.- Concluded.

L-97-1612
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I00 x 105

9O

SO

70

60

+ 5O

3_

2O

" 10

deg deg

_- 5 I0

O 0 0

,"_ -5 -I0

v -7.5 -15

< -I0 220

_,_ L ongitudlnal instability

16

I I6o 7_ _o 9o
Speed, knots

, , , , , . , .loo 11o 12o 13o 1to-_5o 1_6_------_--o

12

4

I t
i0 2O

l 1 I
5o _o 5o

Speed, knots

Trim stoo ....

15o l_O

(b) Flap deflection, 5f = 40 °.

Figure 9.- Concluded.
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I00 x _03

6O

_-50

de_ de_

:_ 5 io

-5 -io0

v -7.5 -15

-15 -_ _x
_, ,_'_ Lor_itudlnal in t b 1

10

o

16--

12

I J
Trim stoD -----_Z[-

, i l i ' O0-- , I _50 _" 1 _ '50 60 70 SO 90 l llO 120 1

Speed. knots

(b) Flap deflection, 5f = 40 °.

Figure i0.- Concluded.
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Speed, 3a.9 knots; trim,6.5 e

0
SDeed _1.3 knots: trim, 7.0

Speed, 58.0 knots; trim, 9.0

(a) Power off. (b) Power on. L-57-1613

Figure 12.- Spray photographs of model during resistance tests of hull

alone.
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Soeed, 63.3 knots; trim, 9.5_.

(c) Power off.

Speed, 117.0 knots; trim, 6.5 e.

(d) Power on.

L-57-1614

Figure 12.- Concluded.
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5O

75

150

17.c

16

il,
18L ¢ Rise _ "J " _I i._...J/_ d

_er_post contact,

-_ _, Step contact

Reference line

(a) Landing trim, 5.3 °.

50

75

175

interval, 3 sec

.
.... _eterence ltne , ,

(b) Landing trim, 7.6 °,

75 _ 0

1N

rP.

I

i : ' 'illl ' ti II __ ,, .....__,_;:,'.;_+, ,lillllttll ,,11_

, iR"L'_,,,j_ii'iI ' Ill ' 'il '!
sI _i_, ,[',i,_,._>,/_,l_/[_ilNL_._,.'liilll , '..' '11
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: : '''[i-I i!!i / / /

Reference line

(c) Landing trim, 13.8 °,

Figure 18.- Typical oscillograph records of landings in smooth water.

_o = 200,000 pounds; 8f = 40°; power off.
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Figure 19.- Maximum variation in trim and rise and the number of rebounds

during smooth-water landings. Ao = 200,000 pounds; 5f = 40°.

NACA - Langley Field, Va.


